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Y.S. Chow, M.S. Mayer and J.H. Tumlinson (1980) Electroantennogram 
Response of Plodia interpunctella to Its Sex Pheromone and Wing Gland Extracts. 
Bull. Inst. Zool, Academia Sinica 19(1): 27-31. Electroantennograms (EAGs), an 
olfactory potentials to sex pheromone were recorded from the antennae of the male 
and the female Indian meal moth Plodia interpunctella (Hiibner). Antennae of the 
male moth gave the strongest electroantennogram activities to 2 components of its 
sex pheromone, (Z, E)-9,12-tetradecadienol acetate and (Z, E)-9, 12-tetradecadienol, 
and relatively strong to the related structure (Z)-9-tetradecenol acetate. Electro- 
antennogram study obtained from the antennae of female moths indicated that the 
female also were sensitive to, but did not give a dosage-dependent response to these 
compounds. Extracts of wing glands from males elicited an EAG from female 
antennae above that of the control, but the EAG amplitude did not change with 
changes in concentration over a range of 5-150 male equivalents. The reason for 
this poor result to the linear response and concentration relationship is possible 
due to a low concentration of the constituent extracted from wing gland. 


mone. For this purpose we used native extracts 
of the pheromone produced by glands on the 
forewing of male Indian meal moths (Grant 
1974). The bioassay for this pheromone is 
rather tedious, and we wished to ascertain if the 
EAG obtained from female antennae could be 
used to advantage in identifying the wing gland 
pheromone of males, 


The sex pheromone of the female Indian 
méal moth, Plodia interpunctella (Hiibner), was 
first identified as (Z, E)-9, 12-tetradecadienol 
acetate (ZETA) (Brady etal., 1971, Kuwahara 
-etal., 1971) and later a secondary component, 
(Z, E)-9, 12-tetradecadienol (ZETOH) was also 
identified (Coffelt etal., 1978). We wanted to 
compared in an EAG assay these 2 identified 
compounds with extracts of native glandular 
material. Also, because the EAG technique is 
commonly used as an aid in identifying com- 


MATERIALS AND METODS 


Insects were obtained from a laboratory 


ponents of the female glands (Roelofs 1976) we 
wanted to know if the female antenna would 
be useful in an assay for male produced phero- 


1. Paper No. 211 of the Journal Series of the Institute of Zoology, Academia Sinica. 


colony reared on a mixed medium according to 
Silhacek and Miller (1972). Pre-sexed insects 
were kept in plastic boxes in different incubators 
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until emergence. Forewings of male ‘moths 
were clipped under a dissecting microscope into 
ether pentane (50:50 v/v). This solution was 


reduced to a known concentration under dry ` 


nitrogen. The method for extracting the female 
natural sex pheromone was modified only slightly 
from Sower and Coffelt (Sower etal., 1973, 
Coffelt etal., 1978). Synthetic pheromones were 
99+% purity. 

_ For electrophysiological tests the heads of 
males or females were excised from the throax 
and mounted in saline similar to the method 
devised by Roelofs (1976). Non-polarizing glass 
capillary Ag-AgCl electrodes filled with 3M 
KC] solution were connected with the tip of 
an antenna from which the 3 distal flagellar 
segments had been removed. The indifferent 
electrode was inserted within the head near the 
base of the antenna. 

The EAGs were obtained routinely and 
recorded permanently on an X-Y recorder. 
Cartridges were prepared on the day of use by 
pipetting a know amount of odorant in mineral 
oil onto a folded piece of 0.5 x 2.0 cm Whatman 
no. 1 filter paper. The paper was inserted into 
a Baketel adaptor (B-D, Co., Waltham, MA) 
and positioned 2-4mm from the antenna. The 
stimulus was delivered for 1 sec in 1 ml of air. 


RESULTS AND DISCUSSION 


The antenna of both females and males 
responded with negative-going potential to all 
3 materials tested, which is commonly interpre- 
ted to mean that primary receptor cells were 
stimulated by the chemicals tested. The absolute 
magnitude of the antennal responses of both 
sexes to ZETA, ZETOH, and the wing gland 
extracts declined, and responsiveness to 1 ug of 
pentyl acetate declined by about 1/2 within 
14 min following surgery. The response of the 
female EAG was relatively insensitive to dif- 
ferent concentrations of the synthetic chemicals 
tested, while the male antenna responded to 
various concentration of ZETA, ZETOH and 
(Z)-9-tetradecen-1-ol acetate. The true elec- 
troantennogram traces of female and male 


insects responded to different ‘concentration of 
pheromones were shown in Fig. 1, and the 
replicate results were averaged and presented 
in Fig. 2. From these results, we knew that 
the female antenna could perceive its own sex 
pheromone, pheromone analogus and its male 
wing gland pheromone. Among the synthetic 
chemicals tested, female could detect Z-9, E- 
12-tetradecadienol more easily than the other 
two. Although most EAG traces of the sex 
pheromone response were higher than that of 
control, the dosage-response relationship was not 
regular. This finding was not consistent with 
that of T. ni. Light and Birch (1979) reported 
female antennae of T. ni elicited EAG similar 
to males but only 25% in amplitude. On the 
other hand, when male antenna was tested, a - 
dosage-response curve was obtained (Fig. 2). 
Because of its best responsiveness, Z-9, B-12- 
tetradecadienyl acetate was confirmed to be the 
most important component in the sex pheromone 
of Indian meal moth. (Brady, etal., 1971; 
Kuwahara etal., 1971; and Coffelt, et al., 1979). 
When using the t-test, we knew that the res- 
ponse curve of this component was significantly 
different from the control curve at 5% level. 
The standard error of the Z-9, E-12, tetra- 
decadienyl acetate at concentration 10, 1, 0.1 ugs 
were 0.65, 0.89, and 0.99 mvs respectively. These 
data agree with what have been reported that 
higher concentration tested, the higher standard 
error shown in cabbage looper. (Light and 
Birch 1979). We did not test the various mix- 
ture of the 2 synthetic chemicals Z-9, E-12- 
tetradecadienyl acetate and their alcohol, but 
even in purified form, both chemicals elicited 


‘better response than that of the pheromone 


analogus Z-9, tetradecenyl acetate itself (Fig. 2). 
Z-9-tetradecenyl acetate also gave good concen- 
tration-dependent response to the male antenna. 
Even in the rice-storage house, it also presented 
good attraction to the male moth (Chow et al., 
1975). | 

Extracts from the female sex pheromone 
gland were compared directly with pure ZETA. 
These glands contain a mixture of the various 
compounds previously tested separately and each 
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Fig. 1. 


Magnitude of EAG of Indian meal moth obtained by stimulation of its female sex . 


pheromones, pheromone analogues and male wing gland extracts: (a). Female 


antenna (b) Male antenna. 
air curent. 


gland has been found by Coffelt etal. (1978) to 
contain about 2 ug each of readily-extractable 
ZETA and ZETOH. At a concentration equi- 
valent to 0.3 female gland contents, the EAG 


Black bars above each trace indicate the duration of 


elicited by the gland extract was almost equal 
to the EAG elicited by 10 ug ZETA. Thus the 
gland extract apparently was about 4000-5000 X 
more effective a stimulus of the EAG than 
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Fig. 2. Responses of Indian meal moth antennae 
to different concentrations of sex phero- 
mones and other pheromone analogues 
(7 replicates). 


ZETA alone (Fig. 3). This observation suggests 
the presence of other highly stimulatory com- 
pound(s) in the gland or other compound(s) 
which may synergize the EAG response. 
Behavioral responses of the female have 
been observed to 2 male equivalents of wing 
gland extract (J.R. McLaughlin, persona] com- 
munication). The EAG response of the female 
antenna was above the control level although 
it was insensitive to changes in concentration 
over a range of 5 to 150 male equivalent wing 
gland. Our results tested in higher concen- 
tration were presented in Fig. 4. One possible 
reason for this finding could be our poor 
evaporation procedures that some of the main 
components was lost during concentration process. 
Other possibility could be due to the smallness 
- of the antenna and our poor recording techni- 
ques. Thus the EAG of females may be of use 
in studying the response of females to the male 


3 
2 
E 
1 
0 
control 005 01 02 03 Z9,E12,C AC 
female equivalents (10 ug) 
Fig. 3. Response of male antennae to phero- 
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Fig. 4. EAG response of female antenna to 
different concentrations of male wing 
glands, 7 replicates. 


pheromone as well as an. aid in its chemical 
identification. 
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